The caprock is the only physical barrier in the migration path of CO 2 during CO 2 geological storage. For this reason, caprock integrity is one of the most important factors regarding the long-term safe underground storage of CO 2 . As a result of geochemical reactions, among the caprock minerals and CO 2 saturated pore water, the physical properties of caprocks such as porosity and permeability may change, which could affect their sealing capacity. Natural CO 2 occurrences can help to understand these long-term reactions under storage conditions on geological timescale.
Introduction
The main requirement for the geological storage of CO 2 is that, the injected CO 2 does not migrate from the reservoir to the surface. Caprocks are the only physical barriers in the migration pathway of CO 2 . If injected CO 2 migrates into the caprock (through a fault, with diffusion or advection), the chemical and physical properties of caprocks may significantly change [1] . The study of caprocks generally focus on caprock integrity analysis, which includes the permeability, porosity and fracture analysis [1] . The chemical reactions between the CO 2 pore water and the caprock is less known [2] . As it is summarized in a review paper of Liu et al. [3] , in most laboratory experimental studies carbonate and feldspar dissolution is reported, along with clay and secondary carbonate precipitation. However, study of natural CO 2 occurrences is also a promising tool in understanding how the sealing properties of caprocks are preserved on geological timescales. The Mihályi-Répcelak natural CO 2 occurrence in NW Hungary is a leak-proof area, and during drilling exploration the caprocks were also sampled. The main aim of this contribution is to study and comprehend the effect of CO 2 on the caprocks. Hence, this study does not only focus on the physical properties of caprocks but mineral composition, mineral reactions and reaction textures were also considered. We applied well-log geophysics, XRD, ATR-FTIR and SEM methods. The results show that dawsonite is present in some of the caprock samples, which are the most obvious manifestation of interactions between caprocks and CO 2 . Dawsonite is a mineral within the caprocks which trapped the CO 2 [4] .
Geological background
Our research area is the Mihályi-Répcelak natural CO 2 occurrence, which is located in the Pannonian Basin. During the Late Miocene (10-9 Ma) the Pannonian Basin was filled up with sediments. The sediments were deposited by fluvial systems from the NW to the SE direction [5] . This basin-type succession includes sediments from deep basin to delta plane facies. One of the most widespread sedimentary sections is represented by alternations of turbiditic sandstones and clayey layers, in sandstones oil, natural gas and CO 2 can accumulate. The Mihályi-Répcelak area is one of the largest natural CO 2 occurrences in the Pannonian Basin, where the source of CO 2 is thought to be a mafic intrusion [6] . Exploration of the study area started in 1933 with geophysical measurements. The industrial production of CO 2 started in the 40's from the three largest reservoirs. Recently, 26 CO 2 reservoirs and 2 mixed-gas reservoirs are known in the Mihályi-Répcelak area in the Pannonian (Late Miocene) sediments and the basement rocks. The original CO 2 gas in place is approximately 25 million tons, from which about 100.000 tons are produced annually. The system is leak-proof on geological timescale. This field is an excellent study area for potential CO 2 injection sites in the Pannonian Basin, where industrial CO 2 could be stored in reservoirs with the same lithological facies (e.g. in Hungary and its neighboring countries) as the Mihályi-Répcelak natural CO 2 occurrence. Fig. 1 . Filling of the Pannonian Basin during the Late Miocene, the circle sign the research area (modified after Magyar et al. [7] ).
Samples and method
During the study we analysed 29 caprock samples from 5 wells. The depth of the samples is 1250-1650 m. Approximately 10 caprock samples originated from CO 2 reservoirs (CO 2 >80 vol%). The CO 2 concentration of the other related reservoirs is unknown [8] . Samples of caprock (these are signed in Table 1 ) overlap with published data of Király et al. [4] , however, the results of the analyses are reinterpreted.
The average modal composition of powdered core samples was determined by Phillips PW 1730 X-ray diffractometer (XRD) with the following settings: Cu cathode, 40 kV and 30 mA tube current, graphite monochromator and goniometer speed 2°/minute, <63 µm grainsize.
The infra-red active mineral phases (e.g. clay minerals, dawsonite) were analyzed by a Fourier-transform infrared spectrometer (Bruker Vertex 70) with a single pass attenuated total reflection (ATR) cell (Bruker Platinum diamond ATR) and a mercury-cadmium-telluride (MCT) detector (ATR-FTIR). Spectra were recorded from powdered samples (< 63 µm) using 4 cm -1 resolution and 64 scans. The petrographic properties of the caprock samples on polished and broken surface were analyzed by an AMRAY 1830 I/T6 scanning electron microscope (SEM) equipped with EDAX PV 9800 energy dispersive X-ray spectrometer. During the analyses the accelerating voltage was 20 kV and the primary sample current was 1-2 nA.
During the calculation of clay content, permeability and effective porosity we used corrected and inter-correlated well-logs such as SP and resistivity log [9] . Further details of the applied equations can be found in Király et al. [4] .
The quantity of CO 2 trapped by minerals in the caprocks was calculated directly from the quantity of dawsonite in the rock (m daw ), the density of the rock (ρ rock =2.6 g/cm 3 ), its effective porosity (P) and the molar mass of dawsonite (M daw =143.98 g/mol). In the following equation DAW(mol/m 3 ) is the amount of dawsonite and CO 2 (mol/m 3 ) is the amount of trapped CO 2 in mol/m 3 unit (eq. 1.).
Results

Modal composition
According to the results of XRD, dawsonite is present in 5 samples out of the analyzed 29 caprock samples. The average modal composition of these 29 samples is illite + muscovite (9-31 m/m%), kaolinite (7-25 m/m%), quartz (22-39 m/m%), dolomite + ankerite + siderite (8-77 m/m%). Furthermore, calcite, chlorite, amorphous phases, Kfeldspar, albite, pyrite, gypsum, anatase, halite was detected in some of the samples. Dawsonite is present in 5 samples (RM6-8BC, RM6-9C, RM17-6B, RM19-7C, RM19-7B1R, Table 2 ) ranging 2-trace m/m%.
Besides the 5 samples the ATR-FTIR measurements identified the presence of dawsonite in 5 further caprock samples (RM6-7C, RM19-8C, RM32-5C, RM46-4/1C. RM46-6, Table 2 ). The main intensity peak of dawsonite (3280 cm -1 ) and the second derivate of the spectrum were used to detect the presence dawsonite. The detection limit of dawsonite was shown to be ~0.085 m/m% with this method [4] .
Petrography of the selected samples
The studied caprock samples are coarse to fine grained grey/ brown color siltstones. They are cemented by carbonates (ankerite, calcite, siderite, dawsonite) and clay minerals (mainly kaolinite). The detrital minerals are quartz, dolomite, muscovite, K-feldspar, albite. Diagenetic minerals are ankerite, calcite, siderite, illite, kaolinite, dawsonite. The dawsonite is in close textural relationship with the albite relicts (Fig. 2a-b.) or to clay minerals. The siderite is fine grained dispersed in the sample (Fig. 2c.) or forms patches in the larger pores (Fig. 2d.) . Calcite and ankerite are generally located around the dolomites (Fig. 2d.) . Kaolinite and illite are in the vicinity of the feldspar relicts, muscovite (Fig. 2d.) or close to the dawsonite. 
Physical properties
The results of calculations using well-log measurements in the same depth range of the studied rock samples show that the clay content falls between 0.39-0.87 (without unit), the effective porosity between 0.03-0.16, whereas the permeability 0.001-13.53 mD. 
Mineral trapping in the caprocks
Carbonate minerals (ankerite, calcite, siderite, dawsonite) can incorporate the accumulated CO 2 into the mineral phase, however, ankerite, calcite and siderite can precipitate also during diagenetic processes, and currently it is not possible to distinguish between diagenetic minerals from those forming in relation with CO 2 -flooding. Thus, these minerals are omitted from calculating the mass of captured CO 2 in caprocks and the estimation of the mineral trapping of CO 2 was calculated only from the amount of dawsonite. According to the results of XRD and ATR-FTIR dawsonite occurs in 10 samples (Table 2) . If dawsonite was only detectable by ATR-FTIR, we calculated with the detection limit of dawsonite by ATR-FTIR (0.083 m/m%, [4] ). The input data (Density of rock, effective porosity, quantity of dawsonite) and the results of calculation show that 1 m 3 caprock may trap 300-3500 g CO 2 in dawsonite ( Table 2) . 5. Discussion and conclusion
CO 2 -pore water caprock system
Mihályi-Répcelak natural CO 2 occurrence is leak-proof on geological timescale [8] . Therefore the caprocks are believed to ensure complete retention. Our recent results, however imply that the CO 2 interacted with at least 10 of the studied caprock samples as indicated the presence of dawsonite.
The migration pathway of CO 2 into the caprock is questionable in Mihályi-Répcelak area, because indication of faults is not present in any of the samples neither on the macroscopic nor on microscopic scale. It is very likely that the CO 2 dissolved in the pore water of the reservoir and migrated into the caprock with diffusion, similarly to that described by Liu et al. [3] .
The most evident effect of CO 2 is the presence of dawsonite because it is a result of the chemical reaction between host rock and the migrating CO 2 [10, 11, 4] . Dawsonite crystallized into the secondary pore space of caprocks, mixed with illite or physically close to the albite relicts as indicates the results of SEM (Fig. 2.) . This indicates that the Al 3+ source for dawsonite may either be albite or other alumo-silicates (such as illite). The Na + source of dawsonite could be albite or the pore water itself because halite is presents in some of the caprocks, which indicates that the Na + concentration in the pore water can be very high in this area. The results of water chemistry also indicate the relative high (18.000-50.7000 mg/l) Na + concentration in the reservoirs [8] . The formation of dawsonite may be in close relation of forming of the present pore space.
The migration of CO 2 may change the physical and chemical properties of the caprock [1] . According to the experimental results of Mouzakis et al. [12] , the porosity of the studied rocks increased from 3.2 % to 3.8 % during their CO 2 -shale lab experiment. In addition, the increasing porosity was found to be in close connection with the pore diameter. In contrast to Mouzakis et al. [12] our caprock in Mihályi-Répcelak area is a nearly pure siltstone. Moreover, we could not identify any relation between the presence of dawsonite and the present physical properties (porosity and permeability) of the studied caprocks (Table 1 ). This observation, however, does not disprove the secondary, CO 2 related nature of caprock porosity because core samples represent only a small (diameter of core samples ~10 cm) part of the bulk volume and the whole system is quite inhomogeneous. The presence of dawsonite neither shows relation with the CO 2 concentration nor with the dawsonite concentration of the related reservoirs (Table 3) . Table 3 . Dawsonite-containing caprock with the related reservoir. The amount of dawsonite is in the bracket, t: trace with XRD, the bold samples originate from a reservoir with industrial quantities CO2.
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